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1. 

MONITORING COMPOSITE 
MANUFACTURING AND REPAIR 

PROCESSES USING CHROMATIC FILMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is related to co-pending U.S. patent 
application Ser. No. 13/310,333, filed on Dec. 2, 2011, and 
co-pending U.S. patent application Ser. No. 13/310,539, 
filed on Dec. 2, 2011, both of which applications are 
incorporated by reference herein in their entireties. 

BACKGROUND INFORMATION 

1. Field 
The present disclosure generally relates to processes for 

manufacturing and/or repairing composite structures, and 
deals more particularly with monitoring composite struc 
tures as they are being cured. 

2. Background 
Fiber reinforced thermoset resin structures, such as car 

bon fiber epoxy, may be cured through the application of 
heat and pressure using autoclave or out-of-autoclave pro 
cesses. In order to optimize properties of the cured structure, 
it is sometimes desirable to monitor temperature and/or 
pressure during curing to determine whether either of these 
process parameters are outside of specified ranges. 

Several techniques have been employed to monitor tem 
perature and/or pressure during the cure process, however 
each has disadvantages. For example, thermocouples may be 
located at specific locations on a composite structure or a 
composite repair in order to monitor temperature, however 
thermocouples only provide temperature information at spe 
cific locations and may not reveal out-of-range temperature 
information at other locations. Thermocouples may have 
less than desired reliability, and may not be practical for use 
on large, complex structures or composite repairs that extend 
over a relatively large area. In some applications, thermo 
couples may also interfere with the cure process itself. 
particularly where thermocouples are placed in incorrect 
areas beneath vacuum bagging material. 

IR (infrared) cameras may be used to monitor temperature 
within exposed areas of a composite structure during curing, 
however infrared cameras are relatively expensive, are lim 
ited to line-of-sight monitoring, and are not capable of 
monitoring areas of a structure beneath the vacuum bags. 

Techniques have been devised to measure the pressure 
being applied to a composite structure or composite repair 
during curing using discrete pressure sensors. However, the 
sensed pressure information is limited to the location of the 
pressure sensors, consequently, this technique does not 
provide useful information concerning pressure over large 
areas of the structure. Moreover, the use of pressure sensors 
can, themselves result in undesirable mark-off when 
installed in highly convex or concave regions of a structure 
where pressure measurements may be particularly useful. 
Furthermore, it may be impractical to use pressure sensors 
with certain types of curing equipment, such as press claves. 

Accordingly, there is a need for a method and apparatus 
for monitoring process parameters, such as temperature and 
pressure, over large areas of a composite structure during 
curing. There is also a need for a method and apparatus as 
described above which provide a permanent visual map of 
temperature and pressure over the entire area of a composite 
structure during curing, and which may be employed to alter 
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2 
process parameters in real-time during the curing process, 
thereby optimizing the properties of the cured composite 
structure or repair. 

SUMMARY 

The disclosed embodiments provide a system and method 
for monitoring processing of a composite structure to deter 
mine whether one or more processing parameters is outside 
of preselected limits which may affect properties of the 
completed structure. The embodiments provide a visual map 
of the entire area of the composite structure, allowing 
operating personnel to quickly and easily detect whether 
process parameters, such as temperature and pressure, are 
outside of preselected limits. Mapping is achieved using a 
chromatic film containing at least one of a thermochromatic 
dye and a mechanochromatic dye that is tailored to respond 
to specific thermal or time-temperature ranges and/or pres 
sures. The chromatic material may be embedded into a film, 
or may be sprayed or otherwise applied as a coating on a 
sheet of paper or plastic. The chromatic film may also be in 
the form of a caul sheet. Process parameters may be moni 
tored continuously during a fabrication process such as 
curing, and a permanent record of the map may be generated 
for analysis and/or comparison to a set of reference data, or 
maps of other composite structures. The embodiments may 
improve qualities of composite structures and reduce scrap. 

According to one disclosed embodiment, a method is 
provided of monitoring at least one process parameter 
affecting processing of a composite structure, comprising 
placing a chromatic film in proximity to the composite 
structure, processing the composite structure, including sub 
jecting the composite structure to heat and pressure, and 
using the chromatic film to monitor at least one of a 
temperature and pressure in real-time during the processing. 
Placing the chromatic film includes placing a sheet of the 
chromatic film over the composite structure layup. Using the 
chromatic film to monitor at least one of temperature and 
pressure includes detecting visual changes in the chromatic 
film to determine whether at least one of the temperature and 
pressure is outside a preselected range during the processing. 
Placing the chromatic film may include adhesively attaching 
each of a plurality of chromatic film segments around the 
perimeter of the composite structure. Using the chromatic 
film to provide a visual indication includes illuminating the 
chromatic film with light, recording an image of the chro 
matic film with a camera, and analyzing the recorded image 
to determine whether the at least one of the temperature and 
pressure is outside of the preselected range. The method may 
further comprise altering the process based on the results of 
the analysis of the recorded image. The chromatic film 
includes at least one of a thermochromatic dye, and a 
mechanochromatic dye. Using the chromatic film to provide 
a visual indication includes detecting a fluorescence or 
non-fluorescence of the chromatic film. The method may 
also comprise sealing a vacuum bag over the chromatic film 
and the composite structure. 

According to another embodiment, a method is provided 
of monitoring curing of a composite structure. The method 
comprises placing a chromatic film in proximity to the 
composite structure which visually changes in response to 
application thereto of at least one of heat and pressure 
outside of preselected temperature and pressure ranges. The 
method also comprises curing the composite structure using 
heat and pressure, illuminating the chromatic film with light, 
and, monitoring visual changes in the illuminated chromatic 
film. The method further comprises recording an image of 
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the illuminated chromatic film, and analyzing the recorded 
image to determine whether at least one of the heat and 
pressure is outside the preselected range oftemperatures and 
pressures. The method also comprises 

altering the curing of the composite structure based on the 
analysis of the recorded image. Placing the chromatic film 
includes placing the chromatic film over and extending 
completely across the composite structure. The composite 
structure may be a repair patch, and placing the chromatic 
film includes placing the chromatic film around the periph 
ery of the repair patch. 

According to still another embodiment, apparatus is pro 
vided curing a composite structure, comprising a tool 
adapted to have a composite structure layup placed thereon, 
and a chromatic film located in proximity to the composite 
structure layup for monitoring at least one of heat and 
pressure to which the composite structure layup is Subjected. 
The chromatic film includes at least one of a thermochro 
matic dye, and a mechanochromatic dye. The chromatic film 
overlies and substantially covers the entire area of the 
composite structure. In one variation, the chromatic film 
Substantially Surrounds the periphery of the composite struc 
ture. The apparatus may further comprise a source of illu 
mination for illuminating the chromatic film with light, and 
a camera for recording an image of the illuminated chro 
matic film. The apparatus may further comprise a vacuum 
bag adapted to be sealed over the composite structure layup 
for applying compaction pressure to the composite structure 
layup during curing, wherein the chromatic film is integrated 
with the vacuum bag. The chromatic film is responsive to at 
least one of heat and pressure applied to the composite 
structure layup during curing to provide a visual indication 
of whether the at least one of heat and pressure is outside a 
range of preselected values during the curing. 
The features, functions, and advantages can be achieved 

independently in various embodiments of the present dis 
closure or may be combined in yet other embodiments in 
which further details can be seen with reference to the 
following description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the illustra 
tive embodiments are set forth in the appended claims. The 
illustrative embodiments, however, as well as a preferred 
mode of use, further objectives and advantages thereof, will 
best be understood by reference to the following detailed 
description of an illustrative embodiment of the present 
disclosure when read in conjunction with the accompanying 
drawings, wherein: 

FIG. 1 is an illustration of a functional block diagram of 
a system for monitoring process parameters during fabrica 
tion of a composite structure. 

FIG. 2 is an illustration of a flow diagram of a method of 
monitoring process parameters during fabrication of a com 
posite structure. 

FIG. 3 is an illustration of a perspective, exploded view 
showing use of the chromatic film for vacuum bag process 
ing of a composite structure. 

FIG. 4 is an illustration of a plan view of the vacuum bag 
assembly shown in FIG. 3, parts of the vacuum bag and 
bagging materials broken away to reveal color changes in 
the chromatic film during curing. 

FIG. 5 is an illustration of a perspective, exploded view 
showing use of the chromatic film for monitoring curing of 
a composite rework patch repair used to repair a composite 
Structure. 
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4 
FIG. 6 is an illustration of a plan view the vacuum bag 

assembly shown in FIG. 5, parts of the bagging materials 
and vacuum bag being broken away to reveal color changes 
in the chromatic film during curing of the rework patch. 

FIG. 7 is an illustration of an exploded, perspective view 
showing use of the chromatic film in a press clave employed 
to fabricate a composite structure. 

FIG. 8 is an illustration of an exploded, perspective view 
showing an alternate form of the chromatic sheet used to 
monitor curing of a composite rework patch used to repair 
a composite structure. 

FIG. 9 is an illustration of a plan view of the composite 
structure shown in FIG. 8, the vacuum bag and bagging 
materials not shown for clarity, and illustrating color 
changes in the chromatic film that have occurred during 
curing. 

FIG. 10 is an illustration of a perspective view showing 
the use of individual, adhesive backed, chromatic film tape 
segments positioned around a vacuum bag covering a com 
posite rework patch being cured. 

FIG. 11 is an illustration of a perspective view of a 
composite rework patch being cured using a vacuum bag 
having an integrated chromatic film. 

FIG. 12 is an illustration of a flow diagram of aircraft 
production and service methodology. 

FIG. 13 is illustration of a block diagram of an aircraft. 

DETAILED DESCRIPTION 

FIG. 1 illustrates a system for monitoring processes such 
as curing, used in fabricating a composite structure 20. The 
composite structure 20, hereinafter sometimes referred to as 
a composite layup 20, may comprise a multi-ply part layup 
or a composite laminate rework patch Such as that used to 
repair or rework a composite skin (not shown) or other 
structure. The composite layup 20 may be formed of a fiber 
reinforced thermoset resin, such as, without limitation, car 
bon fiber epoxy, however the disclosed system may be 
employed to monitor processes used to fabricate composite 
structures formed of other composite materials, such as 
thermoplastics. 
The composite layup 20 is consolidated by curing it in a 

cure apparatus 24 which may comprise, for example and 
without limitation, an autoclave or an oven, in which the 
composite layup 20 is subjected to a combination of heat 25 
and pressure 27. Consolidation may be aided by use of 
vacuum bag 58 which applies compaction pressure to the 
composite layup 20. 

It may be desirable in some applications to monitor 
certain process parameters, such as at least one of tempera 
ture of the heat 25 and pressure 27, in order to verify that the 
composite layup 20 has not been Subjected to temperatures 
and pressures 27 outside of specified values or ranges of 
values for prescribed time periods. Subjecting the composite 
layup 20 to temperatures or pressures outside of the speci 
fied values may have undesired affects on the completed 
composite structure 20. 

In accordance with the disclosed embodiments, process 
parameters such as at least one of temperature of the heat 25 
and the pressure 27 may be continuously monitored and 
recorded during a fabrication process Such as curing, or 
verified after the process has been completed. The process 
parameters may be monitored over the entire area, if desired, 
of the composite structure layup 20 in order to verify that all 
sections of the layup 20 have been properly processed 
according to specifications. In order to monitor whether the 
process parameters are out-of-range, a chromatic film 22 is 
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placed in proximity to the composite structure layup 20 
within the vacuum bag 58, and is thus subjected to the same 
temperatures and pressures within the cure apparatus 24 that 
are used to process the composite layup 20. The chromatic 
film 22 is illuminated 33 by a suitable radiation source 26 
which may comprise, for example and without limitation a 
UV source (ultraviolet), IR (infrared) source or other radia 
tion source of a suitable wavelength. As will be discussed 
below in more detail, the chromatic film 22 may visually 
change in response to the application thereto of heat and/or 
pressure during a processing cycle. 

Depending upon the application, and the particular pro 
cess parameters to be monitored, the chromatic film 22 may 
comprise a material that includes thermochromatic and/or 
mechanochromatic dyes that are respectively tailored to 
respond to specific thermal or time-temperature ranges and/ 
or pressures. When triggered by exposure to the tempera 
tures and/or pressures to which they have been tailored, 
these dyes undergo fluorescent shifts. When illuminated by 
a light source of a Suitable wavelength, these fluorescent 
shifts in the chromatic film 22 become visible, manifesting 
themselves as a change in color or color intensity, or a 
turning on or off of fluorescence. As will be discussed below 
in more detail, the dyes may be mixed with other materials 
to form a film, applied as a coating (not shown) to paper or 
plastic, or integrated into materials used as vacuum bags. 
A camera 28, which may comprise a solid-state digital 

camera or other suitable recording device, records images 37 
of the chromatic film 22 which result from reflection or 
backscattering 35 of light from the chromatic film 22. Each 
image 37 recorded by the camera 28 is processed by a 
suitable computer 30 and is output to a display 34. Certain 
areas 36 of the chromatic film where the process parameters, 
Such as temperature and/or pressure, are out-of-range and 
result in fluorescent shifts in the chromatic film 22, are made 
visible in the image 37 displayed to the operator 41 or may 
be processed directly by the computer 30. This visible, 
process out-of-range indication may be in the form of a 
change in color, color intensity or fluorescence within cer 
tain areas 36 of the chromatic film 22. Thus, an operator may 
visually verify that process parameters have remained within 
the proper range of values during an entire process cycle, or 
that certain areas of the chromatic film 22, and thus of the 
composite structure 20, have been subjected to temperatures 
and/or pressures that are outside of the prescribed ranges. 
The computer 30 may store images 37 recorded of pre 

viously fabricated composite structures 20, or other refer 
ence data in a memory 32. The stored image 37 or reference 
data may be retrieved by the computer 30 and compared to 
later recorded images 37 for purposes of quality control or 
process control. Based on the image 37 recorded by the 
camera 28, the computer 30 may provide information to a 
process controller 38 that may adjust process parameters, 
Such as temperature and/or pressure, on a real-time basis if 
desired, used by the apparatus 24, or in preparation for 
processing the next composite layup 20. 

FIG. 2 illustrates the overall steps of a method of moni 
toring process parameters using the system shown in FIG. 1. 
Beginning at Step 40, a chromatic film 22 is placed over, 
around or in proximity to a composite layup 20 to be 
processed. In those applications where process parameters 
are being monitored in real time as the process is being 
carried out, the chromatic film 22 is placed in a position 
where it can be viewed by the camera 28. In other applica 
tions, where the chromatic film 22 is reviewed only after the 
process is completed, the chromatic film 22 may be located 
in an area on or near the composite layup 20 that may be 
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6 
obscured from view. At step 42, the composite layup 20 is 
processed which may comprise, for example and without 
limitation, curing the composite layup 20. During process 
ing at step 42, the composite layup 20 and the chromatic film 
22 are subjected to a combination of heat and pressure for 
prescribed periods of time according to a desired schedule 
(not shown). As shown at 44, the chromatic film is used to 
monitor, detect and record process parameters such as 
temperature and/or pressure during a cure cycle to find out 
if any may be outside of preselected ranges of values. This 
monitoring process comprises, at Step 46, illuminating the 
chromatic film 22 with light of a preselected wavelength, 
Such as in the ultraviolet or infrared range, and, at Step 48, 
monitoring the chromatic film 22 for visual changes. These 
visual changes may comprise changes in color and/or color 
intensity of particular areas 36 of the chromatic film 22. The 
visual changes may indicate that the composite structure 
layup 20 has been Subjected to temperatures and/or pres 
Sures that are outside of the desired range of values. Thus, 
the chromatic film 22 acts as a “witness” that permanently 
records and report out-of-range process parameters that may 
be used to assess the suitability of the completed composite 
structure 20 for an intended application, or to adjust process 
parameters. 
As previously discussed, the monitoring process may be 

carried out by recording images 37 of the chromatic film 22 
and monitoring these recorded images 37 for visual changes. 
Image monitoring may be carried out by an operator 41, 
such as a human (FIG. 1), or automatically by a computer 30 
or similar processor. The monitoring process may be carried 
out in real time to effect real time process control. Alterna 
tively, however, recorded images 37 of the chromatic film 22 
may be viewed and analyzed only after the process is 
completed, in which case information derived from viewing 
the chromatic film 22 may be used to determine whether the 
just-processed part is within specifications, and/or to adjust 
process parameters in preparation for processing the next 
part. At step 50, process parameters may be altered by an 
operator, either on a real-time basis, or after the composite 
layup 20 has been processed, either using an operator 41 to 
view the recorded images 37 and make the necessary 
changes in processing or automatically, using a computer 30. 

Attention is now directed to FIGS. 3 and 4 which illustrate 
one embodiment employing a chromatic film which may be 
used to monitor cure parameters over the entire area, if 
desired, of a composite layup 20 which forms part of a 
vacuum bagged assembly 52. The composite layup 20 is on 
a tool 54. A chromatic film 22, which in this example, is in 
sheet form, is placed in face-to-face contact with, and 
substantially covers the entire area of the layup 20. Option 
ally, the chromatic film 22 may be placed over only a portion 
of the area of the composite layup 20. Conventional bagging 
materials suitable for the application, generally indicated at 
56, are placed over the chromatic film 22. The bagging 
materials may include but are not limited to the breathers, 
peel plies, caul sheets, etc. (not shown). Additionally, it may 
be necessary or desirable to place a peel ply (not shown) 
between the chromatic film 22 and the composite layup 20 
to aid in separating the chromatic film 22 following curing. 
A flexible vacuum bag 58 is placed over the bagging 
materials 56 and is sealed to the tool 54 using any suitable 
sealing technique. Such as through the use of a Suitable 
sealant tape (not shown). The tool 54 along with the vacuum 
bagged assembly 52 are placed in an autoclave, or in an oven 
(not shown) and Subjected to elevated temperature and 
pressure. The vacuum bag 58 is evacuated, causing the 
vacuum bag 58 to apply compaction pressure to the com 



US 9,446,575 B1 
7 

posite layup 20. In the case of autoclave curing, autoclave 
pressure aids in compacting and consolidating the composite 
layup 20. 

Referring particularly to FIG. 4, the vacuum bagged 
assembly 52 is illuminated 33 with a suitable illumination 26 
as previously described in connection with FIG. 1, and a 
camera 28 is used to record 35 images that may be produced 
by the chromatic film 22. In the illustrated example, as 
shown in FIG. 4, areas 36, 36a of the chromatic film 22 that 
experience a temperature, or a temperature over time, and/or 
pressures that are outside of specified ranges of values, 
change color, or change color intensity. These changes in 
color or color intensity are visible and may be viewed in real 
time and/or recorded as a permanent electronic image and 
viewed after the process has been completed. 

FIGS. 5 and 6 illustrate another embodiment in which a 
chromatic film 22 is used to monitor cure parameters during 
curing of a composite re-work patch 20a. The composite 
rework patch 20a is used to rework an area 60 in a structure 
62, which may comprise, for example and without limita 
tion, a composite aircraft skin. The area 60 to be reworked 
may comprise only several top plies of the skin, or may 
extend completely through the thickness of the skin. In this 
example, the composite rework patch 20a is placed either on 
the surface of the composite structure 62, or in a scarfed 
section (not shown) of the composite structure 62. A chro 
matic film 22 having Substantially the same size and geom 
etry of the composite rework patch 20a is placed over the 
rework patch 20a. In the illustrated example, both the 
composite rework patch 20a and the chromatic film 22 are 
circular in shape, however other geometries are possible that 
are suited to the application. Conventional bagging materials 
56 are placed over the chromatic film 22, following which 
a vacuum bag 58 is placed over the bagging materials 56 and 
sealed to the composite structure 62. 

During curing, a vacuum is drawn in the vacuum bag 58 
to consolidate the composite rework patch 20a while heat is 
applied to the composite rework patch 20a. The heat may be 
Supplied by an oven (not shown), or by local radiation 
Sources, such as infrared lamps, or heating blankets (not 
shown). As in the example previously described in connec 
tion with FIG. 1, during curing, the chromatic film 22 is 
illuminated 33 with a suitable source of illumination 26, and 
a camera 28 or other recording device may be used to record 
35 an image of the chromatic film 22. In this example, as 
shown in FIG. 6, the displayed image may include an area 
36 of color change which indicates that a cure parameter 
such as temperature or pressure within the area 36 have been 
outside of specified ranges of values. 

Attention is now directed to FIG. 7 which illustrates the 
use of a chromatic film 22 to measure and record tempera 
tures and/or pressures during fabrication of a pre-cured 
composite structure 66 in a heated press 55, which may 
comprise a press clave or a compression press. The heated 
press 55 includes upper and lower platens 63, 64 respec 
tively. The pre-cured composite structure 66 is placed on the 
lower platen 64 and is covered by a sheet of chromatic film 
22. A release sheet 68 is placed over the chromatic film 22, 
and the assembly of the composite structure 66, chromatic 
film 22 and release sheet 68 are subjected to heat and 
pressure applied by the press 55. In this embodiment, it is 
not possible to directly monitor the chromatic film 22 for 
color changes since it is substantially fully covered by the 
press platens 63, 64. However, the chromatic film 22 nev 
ertheless measures and records temperatures and/or pres 
sures in all areas of the chromatic film 22, and thus of all 
areas of the composite structure 66 that are subjected to 
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8 
temperatures and/or pressures that are outside of specified 
ranges. Upon completion of the fabrication process, the 
chromatic film 22 may be removed and viewed under light 
of a suitable wavelength. Any areas of the chromatic film 22 
that have been subjected to temperatures and/or pressures 
that are out of the specified ranges will exhibit visible color 
changes. 

FIGS. 8 and 9 illustrate another embodiment showing use 
of the chromatic film 22 to determine whether a circular 
rework patch 20a has been properly cured. The rework patch 
20a may be used to repair or rework several top plies (not 
shown) of a composite structure 62 such as an aircraft skin, 
or to repair or rework an area that extends completely 
through the thickness of the skin. The rework patch 20a is 
covered with bagging materials 56 and a vacuum bag 58 
which is sealed to a composite structure 62. The chromatic 
film 22 is ring-shaped, and Substantially surrounds the 
peripheral edge 70 of the rework patch 20a. In this example, 
the chromatic film 22 is located beneath the vacuum bag 58. 
Although the entire area of the rework patch 20a is not 
monitored for temperature/pressure excursions outside of 
the specified ranges, areas 36 of color change in the chro 
matic film 22 at the peripheral edges 70 of the rework patch 
20a may provide enough information to determine whether 
the rework patch 20a has been properly cured. In other 
embodiments, the chromatic film 22 may have other shapes 
matched to the peripheral geometry of a composite layup 20. 
As in previous examples, an illumination Source 26 is used 
to illuminate 33 the chromatic film 22, and a camera 28 is 
used to record 35 the resulting image for viewing. 

FIG. 10 illustrates another embodiment showing use of 
the chromatic film 22a-22d to monitor temperature and 
pressure during curing of the composite rework patch 20a. 
In this example, the rework patch 20a is covered by bagging 
materials (not shown) and a vacuum bag 58 that is sealed to 
a composite structure 62. The chromatic film 22a-22d may 
comprise a series of an adhesively backed chromatic tape 
segments 22a-22d of various sizes and shapes that are 
adhered to the composite structure 62 outside of, but adja 
cent to the rework patch 20a. The chromatic tape segments 
22a-22d may be located either beneath vacuum bag 58 (tape 
segment 22c), or outside of the vacuum bag 58 (tape 
segments 22a, 22b. 22d). Color changes in any of the tape 
segments 22a-22d may provide a visual indication of 
whether the rework patch 20a has been subjected to pres 
Sures and/or temperatures that are out of specifications. 

Referring now to FIG. 11, it may be possible to integrate 
the chromatic film 22 into a vacuum bag 58 used to 
consolidate composite layups. For example, a chromatic film 
22 may be bonded to or sprayed onto an inside face of a 
Substantially transparent vacuum bag 58. In this example, 
the vacuum bag 58 is used to compact a composite rework 
patch 20a onto a composite structure 62. The vacuum bag 58 
is sealed to the composite structure 62, Surrounding the 
rework patch 20a. The chromatic film 22 measures and 
records temperatures and pressures around the periphery of 
the composite rework patch 20a in order to provide a visual 
indication of whether the rework patch 20a has been sub 
jected to temperatures and/or pressures during curing that 
are outside a specified range. Illumination source 26 is used 
to illuminate 33 the vacuum bag 58 and thus the chromatic 
film 22, and a camera 28 is used to record 35 the resulting 
image for viewing. In the illustrated example, an area 36 of 
color change indicating an out-of-range temperature or 
pressure can be seen through the vacuum bag 58. In cases 
where the vacuum bag 58 is not transparent, following 
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removal of the vacuum bag 58, it may be turned over to 
allow direct viewing of color changes in areas 36 of the 
chromatic film 22. 

Embodiments of the disclosure may find use in a variety 
of potential applications, particularly in the transportation 
industry, including for example, aerospace, marine, automo 
tive applications and other applications involving processing 
of composite structures. Thus, referring now to FIGS. 12 and 
13, embodiments of the disclosure may be used in the 
context of an aircraft manufacturing and service method 72 
as shown in FIG. 12 and an aircraft 74 as shown in FIG. 13. 
Aircraft applications of the disclosed embodiments may 
include, for example, without limitation, spars, frames, 
stringers, beams and interior components to name only a 
few. During pre-production, exemplary method 72 may 
include specification and design 76 of the aircraft and 
material procurement 78. During production, component 
and Subassembly manufacturing 80 and system integration 
82 of the aircraft 74 takes place. Thereafter, the aircraft 74 
may go through certification and delivery 84 in order to be 
placed in service 86. While in service by a customer, the 
aircraft 74 is scheduled for routine maintenance and service 
88, which may also include modification, reconfiguration, 
refurbishment, and so on. 

Each of the processes of method 72 may be performed or 
carried out by a system integrator, a third party, and/or an 
operator (e.g., a customer). For the purposes of this descrip 
tion, a system integrator may include without limitation any 
number of aircraft manufacturers and major-system Subcon 
tractors; a third party may include without limitation any 
number of Vendors, Subcontractors, and Suppliers; and an 
operator may be an airline, leasing company, military entity, 
service organization, and so on. 
As shown in FIG. 13, the aircraft 74 produced by exem 

plary method 72 may include an airframe 90 with a plurality 
of systems 92 and an interior 94. Examples of high-level 
systems 92 include one or more of a propulsion system 96, 
an electrical system 98, a hydraulic system 100, and an 
environmental system 102. Any number of other systems 
may be included. Although an aerospace example is shown, 
the principles of the disclosure may be applied to other 
industries, such as the marine and automotive industries. 

Systems and methods embodied herein may be employed 
during any one or more of the stages of the production and 
service method 72. For example, components or Subassem 
blies corresponding to production process 80 may be fabri 
cated or manufactured in a manner similar to components or 
subassemblies produced while the aircraft 74 is in service. 
Also, one or more apparatus embodiments, method embodi 
ments, or a combination thereof may be utilized during the 
production stages 80 and 82, for example, by substantially 
expediting assembly of or reducing the cost of an aircraft 74. 
Similarly, one or more of apparatus embodiments, method 
embodiments, or a combination thereof may be utilized 
while the aircraft 74 is in service, for example and without 
limitation, to maintenance and service 88. During mainte 
nance and service 88, the disclosed embodiments may be 
employed to monitor curing of composite patches used to 
carry out repairs on the airframe 90, such as repair of a 
composite skin (not shown). 
As used herein, the phrase “at least one of, when used 

with a list of items, means different combinations of one or 
more of the listed items may be used and only one of each 
item in the list may be needed. For example, “at least one of 
item A, item B, and item C may include, without limitation, 
item A, item A and item B, or item B. This example also may 
include item A, item B, and item C or item B and item C. The 
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item may be a particular object, thing, or a category. In other 
words, at least one of means any combination items and 
number of items may be used from the list but not all of the 
items in the list are required. 
The description of the different illustrative embodiments 

has been presented for purposes of illustration and descrip 
tion, and is not intended to be exhaustive or limited to the 
embodiments in the form disclosed. Many modifications and 
variations will be apparent to those of ordinary skill in the 
art. Further, different illustrative embodiments may provide 
different advantages as compared to other illustrative 
embodiments. The embodiment or embodiments selected 
are chosen and described in order to best explain the 
principles of the embodiments, the practical application, and 
to enable others of ordinary skill in the art to understand the 
disclosure for various embodiments with various modifica 
tions as are Suited to the particular use contemplated. 

What is claimed is: 
1. A method of continuously monitoring, in real-time, at 

least one of a pressure and a temperature of a composite 
layup throughout curing the composite layup, the method 
comprising: 

integrating at least one of a thermochromatic dye, and a 
mechanochromatic dye, into an entire area of a mate 
rial; 

covering an area, in proximity to the composite layup, 
with the material; 

mapping, in real-time, each change, across the area, in a 
temperature of the material, via changing at least one 
of a color, a color intensity, and a fluorescence, back 
scattering from at least one of: an ultraviolet, and an 
infrared, illumination of any thermochromatic dye inte 
grated into the material, responding to each change, 
across a tailored range of temperatures, in the tempera 
ture of the material; 

mapping, in real-time, each change, across the area, in a 
pressure of the material, via changing at least one of a 
color, a color intensity, and a fluorescence, backscat 
tering from at least one of the ultraviolet, and the 
infrared, illumination of any mechanochromatic dye 
integrated into the material, responding to each change, 
across a tailored range of pressures, in the pressure the 
material; 

curing the composite layup, via Subjecting the composite 
layup to heat and pressure; and 

using mapping the backscattering for visually monitoring 
at least one of the temperature, and the pressure, of the 
composite layup during curing, and for adjusting, the 
temperature and the pressure during the curing. 

2. The method of claim 1, further comprising covering the 
area comprising placing a sheet of the material over an entire 
area of the composite layup. 

3. The method of claim 1, further comprising determining 
whether at least one of the temperature, and the pressure 
diverged, from respective desired ranges, during curing of 
the composite layup. 

4. The method of claim 1, further comprising covering the 
area comprising placing the material Such that it contacts an 
entirety of a perimeter of the composite layup. 

5. The method of claim 1, further comprising covering the 
area comprising adhesively attaching each of a plurality of 
segments of the material Such that each of the plurality 
contacts a perimeter of the composite layup. 

6. The method of claim 1, further comprising continu 
ously recording an image of the material with a camera 
during the curing, and analyzing the image to determine 
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whether the at least one of the temperature, and pressure, 
diverge from a preselected range. 

7. The method of claim 6, further comprising: 
altering at least one of the temperature, and the pressure, 

of the curing using a result of analyzing the image. 
8. The method of claim 1, wherein the material comprises 

at least one of a caul sheet, a vacuum bag, and a coating. 
9. The method of claim 8, further comprising the material 

comprising at least one of paper and plastic. 
10. The method of claim 1, further comprising using the 

material to visually monitor comprising detecting non-fluo 
rescence of the material. 

11. The method of claim 1, further comprising: 
Sealing a vacuum bag over the material and the composite 

layup. 
12. The method of claim 1, wherein processing the 

composite layup is performed using an autoclave. 
13. The method of claim 1, further comprising: 
placing a peel ply over the composite layup; and 
placing the material over the peel ply. 
14. The method of claim 1, further comprising: 
Sealing a vacuum bag over the composite layup; and 
placing the material outside of the vacuum bag. 
15. The method of claim 1, further comprising: 
Sealing a vacuum bag over the composite layup, and 

integrating the material into the vacuum bag. 
16. A method of visually indicating, continuously in real 

time, a temperature and a pressure over an area in proximity 
to a composite layup throughout curing of the composite 
layup, the method comprising: 

integrating at least one of a thermochromatic dye, and a 
mechanochromatic dye, into an entire area of a mate 
rial; 

covering the area, in proximity to the composite layup, 
with the material; 

preselecting a range of temperatures and a range of 
pressures desired for areas of the composite layup 
during curing: 

mapping, in real-time, each change, across the area, in a 
temperature of the material, via changing at least one 
of a color, a color intensity, and a fluorescence, back 
Scattering from at least one of an ultraviolet, and an 
infrared, illumination of any thermochromatic dye inte 
grated into the material, responding to each change, 
across a tailored range of temperatures, in the tempera 
ture of the material; 

mapping, in real-time, each change, across the area, in a 
pressure of the material, via changing at least one of a 
color, a color intensity, and a fluorescence, backscat 
tering from at least one of the ultraviolet, and the 

10 

15 

25 

30 

35 

40 

45 

12 
infrared, illumination of any mechanochromatic dye 
integrated into the material, responding to each change, 
across a tailored range of pressures, in the pressure the 
material 

curing the composite layup using heat and pressuriza 
tion; 

illuminating the material with at least one of the ultra 
violet, and the infrared, light; 

continuously monitoring visual changes in the material 
while the material is illuminated; and 

determining an adjustment to at least one of the heat, and 
the pressure, using the visual changes. 

17. The method of claim 16, further comprising: 
recording an image of the material while illuminating the 

material; and 
determining, via analyzing the image, whether at least one 

of the temperature, and the pressure of the area diverge 
from a preselected range oftemperatures and pressures. 

18. The method of claim 17, further comprising: 
a surface of the composite layup comprising at least one: 

a concave, and a convex shape. 
19. The method of claim 16, further comprising covering 

the area comprising placing the material over and extending 
completely across the composite layup. 

20. The method of claim 16, further comprising: 
the composite layup comprising a repair patch; and 
covering the area comprising surrounding a periphery of 

the repair patch with the material. 
21. The method of claim 16, further comprising monitor 

ing, after curing, the visual changes in the material during 
curing. 

22. The method of claim 16, further comprising curing the 
composite layup using an autoclave. 

23. The method of claim 16, wherein curing the composite 
layup using a heated press. 

24. The method of claim 23, further comprising: 
recording an image of the material while the material is 

illuminated; 
analyzing the image and determining whether at least one 

of the temperature, and the pressure, outlay a prese 
lected range of temperatures and pressures; and 

altering a subsequent curing of a different composite 
layup based on analyzing the image. 

25. The method of claim 16, further comprising a caul 
sheet comprising the material. 

26. The method of claim 16, further comprising: 
placing a peel ply over the composite layup; and 
placing the material over the peel ply. 

ck ck ck ck ck 


